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Motivation plays an important role in our daily actions. For example in sports, let's say you're about to serve for a key point in a tennis match: you really want to get that first serve in. Motivation and action circuits in the brain will need to quickly interact. On a longer timescale, say you must decide if you're going to exercise your right on election day -you are, and you will make sure to give your support to your best candidate. Both these examples show that motivation plays a major role in shaping behavioral actions: every day we make motivated decisions that begin with cognition and end with action. The brain's basal ganglia are an important nexus for this motivation/action interface.
The input structure of the basal ganglia, the striatum, contains neurons that receive information about both motivation and action, located in a compartment called striosomes. Distributed sinuously across the striatum like spaces in swiss cheese, this compartment shows a distinct scattered anatomical pattern ( Figure 1B ). While striosomes have been well characterized anatomically in many species, data concerning their electrophysiology and functionality have been elusive. In the non-human primate, where much knowledge of the cognition/ action interface has been explored at the neuronal level, the scattering of striosomes and their depth in the brain present a localization challenge (see Figure 1B ). A new study by Hong et al. [1] , reported recently in Current Biology, delivers important new insight into how neural activity from striosomes can be localized, permitting us to address their functionality. The authors devised a novel way to determine neuronal activity corresponding to striosomal sites in the awake behaving monkey, by using an approach based on neural interconnection patterns. This study opens further avenues for research on striatal compartments to help better understand their role in mood and action.
On a larger scale, for optimized performance, motivated actions require contributions from multiple interacting cortical brain areas, complemented by critical subcortical loops [2] . These interconnected loops bring together important calculations from the cerebellum and basal ganglia in decision, planning, and execution of actions [3] . In their overall network, the basal ganglia bring together the motivational and purpose-driven aspects of successful action plans, as well as playing a critical role in the formation of habits [4] . The striatum and its compartments, the striosomes and the matrix ( Figure 1C ) are well-established subdivisions, largely due to detailed anatomical work from the same laboratory [5] [6] [7] , with neurons being part of striosomes or part of the matrix (which is sometimes further parcellated into matrisomes) [6] . The striosomes in particular were first identified by their neurochemical properties [7] , being linked with motivational aspects via dopamine neurotransmission [8, 9] ; a schematic rendering of striosomes is shown in Figure 1A ,B. Neurons in the matrix compartment of the striatum combine information from many cortical regions to optimize actions [6] . But due to technical difficulties in determining which neurons are part of striosomes during behavioral electrophysiology [9] , much remains to be uncovered concerning the function of striosomes. More knowledge on the operation of these circuits would provide important insight on how the brain programs motivated actions.
To determine which parts of the striatum consist of striosomes, Hong et al. [1] recorded neuronal activity in the lateral habenula, connected downstream of the striatum via a two-synapse interconnection (see the pathway representation in Figure 1C , identifying the striato-pallidal and pallidohabenular links), while using repeated stimulations to map the striatum. The striatal stimulations activate the pallido-habenular circuit, inhibiting globus pallidus neurons, which in contrast send excitatory projections to the lateral habenula [10] . By stimulating this pathway, Hong et al. [1] affected the balance in this disynaptic connection.
Located near and having evolved alongside the pineal gland, the lateral habenula serves as an important juncture between the basal ganglia and limbic system, and it responds to negative events to aid in emotive decisions and movement in potentially threatening situations [11, 12] . It signals negative Figure 1 . The striato-pallidal-habenular pathway and the stimulation method to identify striosomes.
A look at basal ganglia organization at various levels, outlining the (A) micro-, (B) meso-and (C) macrolevels. These span the cellular, local networks, and systems levels of the central nervous system. This figure also illustrates the strategy used to electrophysiologically locate striosomes, based on a combination of stimulation in the striatum and recording in the lateral habenula; see the striatal inset in (B). By systematically stimulating multiple locations in the striatum and recording responses in the lateral habenula, striosome locations were estimated, as their stimulation produces strong habenular excitatory or inhibitory responses. The pathway is presented in (C). Striosomes send inhibitory signals to the internal globus pallidus (GPi), red arrow, which, in turn, stimulate neurons in the lateral habenula, yellow arrow. The striatum receives cortical input from the antero-medial frontal cortex (AMFC) and orbitofrontal cortex (OFC). The lateral habenula sends downstream signals via the rostromedial tegmental nucleus (RMTg) to dopaminergic nuclei involved in reward and affect, the substantia nigra pars compacta (SNc) and the ventral tegmental area (VTA). The feedback connections are not indicated, for clarity. The goal of the procedure was to locate, with precision, the limits of striosomes. Multiple stimulation sites were used to locate putative striosomal sites; see the schematic in (A). Panels (B) and (C) adapted from the atlas found at http://brainmaps.org (see [20] ). Current Biology 29, R50-R70, January 21, 2019 R63
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Dispatches possible outcomes to other brainstem neuromodulatory areas, including the ventral tegmental area, substantia nigra pars compacta, dorsal/medial raphe nuclei, and laterodorsal tegmentum, by acting upon dopamine, serotonin, and norepinephrine receptors [12] .
The lateral habenula plays an important role in decision-making by labelling experiences as either aversive or rewarding in comparison to expectations. Over-activation of the habenula can lead to a negative bias, and to beliefs that outcomes are worse than they really are. In a potentially threatening situation, the habenula will increase its inhibitory activity on dopamine neurons in the ventral tegmental area and the substantia nigra pars compacta. Conversely, a tonic under-activation of the habenula can do the opposite, giving individuals a positive bias and beliefs that outcomes are less negative than in reality, leading to increased risk-taking and disinhibited behaviors [13] . Dysregulation of the habenula has been associated with depression, sleep disorders, anxiety, and schizophrenia [11] .
In their experiments, Hong et al. [1] used a precise combination of striatal stimulation coupled with lateral habenula recordings, along with detailed histologic identification. This served to determine if the stimulated sites were within striosomes, via the response in the lateral habenula. The first step was to isolate neural activity in the lateral habenula, whose localization was determined via magnetic resonance imaging and targeted electrode penetrations. The experimenters trained monkeys to make eye movements (saccades) to a visual target presented on a computer screen; green targets providing a juice reward, and white targets providing no reward. The monkey would still make saccades to the white targets, as trials without saccades would have to be repeated. Once the profile of the lateral habenula response was known, the stimulation part of the experiment would start. By systematically stimulating the striatum every 200 mm and recording the response in the lateral habenula, particular locations along the track were found to elicit a stronger response. This enabled the authors to localize striosomes, and is schematically represented in Figure 1A . It provided high-probability sites along the track to be considered as part of the striosomal system.
The careful and dense mapping constitutes an important component of establishing the method, as the size of striosomes is around 500 mm wide; by advancing in the track too quickly, some striosome sites could be missed. Following this mapping, a detailed quantitative analysis revealed 'hotspots' along the track, which represented highprobability sites for putative striosome locations. These were then compared with the anatomical localization of striosomes, using classical microanatomical methods. This last comparison completed the elegant work of localization, relating the anatomical compartment with the physiological signals.
The final step in the Hong et al. [1] study involved further characterization of the electrophysiological responses, to better understand the place of striosomes within the local and overall networks of the basal ganglia and limbic system. Following striosome stimulation, multi-unit activity in the lateral habenula would present a rhythm in the beta (12-30 Hz) range. As similar rhythmic phenomena have already been uncovered in basal ganglia circuits (for example [14] [15] [16] ), this means that the habenula could show reverberating properties in response to basal ganglia output. This rhythmic interaction could represent a temporal mode of communication between the basal ganglia and habenula. Basal ganglia oscillatory activity is amplified under dopamine depletion, enough to pathologically affect the striato-pallidal output (for example [17] ). As its activity sometimes responds with a rhythm to striosome stimulation, the lateral habenula could be recruited when basal ganglia afferents oscillate. It remains to be determined if this is limited to stimulation experiments, or if such recruitment would occur in normal and/or neuropathological networks.
Two other interesting findings from the same laboratory can be related to rhythmic network interactions affecting striosomes: first, medial prefrontal cortex (AMFC, Figure 1C ) activation to striosome circuits shapes cost/benefit decision-making [9] , and this cortex also shows strong oscillations in response to rewarded actions [18] ; also second, stimulation of small striatal zones -which could correspond to striosomes -can elicit an anxious state in a monkey, a phenomenon related to beta-band oscillations [19] . These elements provide evidence that oscillatory signals flowing through striosomes could represent a mechanism of influence on the expression of mood and actions.
Overall, using a finely-tuned methodology, Hong et al. [1] complemented their detailed seminal work on striosomes with an innovative electrophysiological approach to tease out the details of striatal modularity and connectivity. This study paves the way for future efforts in striosome population coding and its relation to complex motivated behaviours. By revealing which neurons belong to striatal compartments, this methodology will allow us to determine the sensorimotor, cognitive and motivation-based neural populations involved in behavior, and their computational interactions. Perhaps, further along the way, we will also be able to determine for sure the optimal neural state -and involved networks -to perfectly hit (but not over-hit!) that winning tennis serve, or to be fully engaged in the electoral process.
FOXP2 mutations cause a speech and language disorder, raising interest in potential roles of this gene in human evolution. A new study re-evaluates genomic variation at the human FOXP2 locus but finds no evidence of recent adaptive evolution.
One longstanding challenge in biology is to understand how changes in the human genome contributed to the evolution of our species. With advances in molecular methods, this question can be investigated by comparing DNA sequences from Homo sapiens to those of other great apes, and even to archaic hominins, such as Neandertals, as well as by searching for signs of Darwinian selection in the genomic variation of living human populations [1] . In 2001, a study reported the first case of a gene mutated in a developmental speech and language disorder [2] . The culprit, a gene called FOXP2, attracted the attention of researchers across multiple disciplines [3] . Given its link to acquisition of spoken language skills, one of the most distinctive capabilities of Homo sapiens, this gene was seen as an obvious candidate for evolutionary study. This led to two independent reports in 2002, which established that, despite high sequence conservation in primates, the human FOXP2 protein differed from its chimpanzee counterpart at two aminoacid sites [4, 5] . Moreover, when the studies examined nucleotide variation in the relevant part of the genomic locus in living populations, patterns were compatible with recent positive selection having acted on FOXP2 [4, 5] . FOXP2 became a poster-child for genes that may have played a role in the emergence of modern humans. Now, more than 15 years later, Atkinson and colleagues [6] perform a thorough investigation of modern human FOXP2 variation, taking advantage of genome sequences available from diverse populations across the world; these new analyses provide no support for recent selection, overturning prior conclusions.
FOXP2 was originally discovered through intensive studies of a large family in which fifteen relatives, across three generations, had problems sequencing the rapid co-ordinated movements that facilitate fluent speech, accompanied by impaired language production and comprehension [2] . All affected members carried a heterozygous point mutation in FOXP2, disturbing the function of the
